Introduction
Cognitive decline is characterized by the impairment of important skills, such as memory, attention, orientation, verbal fluency and executive functions, and often precedes a more serious diagnosis, in particular Alzheimer's disease or other dementias 1 .The preservation of cognitive ability is related to longevity and successful aging 2 , elderly people with cognitive decline are more dependent, have a higher number of comorbidities 3 and a generally poor quality of life 4 .
Different prevalence of cognitive decline has been observed in studies in Europe, North America, Australia, Asia and Africa 5 with variations of between 5.1% and 35.9%. In Brazil, the prevalence in six states was 25% in 2008 and 2009 6 , higher than that observed in other countries in Latin America and the Caribbean, such as Argentina (8.3%) and Barbados (21.3%) 7 .
Individual demographic and socioeconomic characteristics, such as older age, female gender and low level of education 8, 9, 10 have a well-established association with cognitive decline. However, the influence of environmental socioeconomic factors on cognitive loss among the elderly population has not been so thoroughly investigated.
Studies carried out in Asia 11 , North America 12 and Europe 13 have found that elderly people who lived in neighborhoods with worse socioeconomic indicators, such as lower income or education level and higher unemployment, had lower cognitive performance scores regardless of individual socioeconomic factors.
It is believed that elderly people who live in places with better socioeconomic conditions are likely to benefit more from physical, social and leisure activities available in these environments, which contributes to better cognitive function 14 . In addition, poorer neighborhoods may suffer more from the effects of crime, causing the elderly population to be socially and psychologically isolated within their community 15 .
It is also suggested that income assessed on a contextual level is directly related to the concepts of social capital and cohesion, which include the ways in which society is organized, through the establishment of norms of reciprocity and trust that help the formation of social ties and determine health at the individual level 16, 17 .
In addition, a systematic review 18 showed that the level of economic deprivation in the neighborhood, represented among other variables by contextual average income, is one of the main factors that affect the characteristics of the physical and social environments which can affect cognitive ability.
In Brazil, some studies that used the income variable to characterize the context have shown that lower average income and greater concentration of wealth in the neighborhood are associated with some health outcomes such as poor health self-assessment 19 , greater prevalence of functional disabilities 20 , and higher systolic blood pressure 21 . However, as of September 2015, no study published in Brazil has been found with the aim of investigating the association between income and contextual cognitive decline. Because it is a country with wide socioeconomic disparities and a growing elderly population, further studies of this relationship are deemed important.
In addition, within public health policies there is evidence of a growing interest in studies to assess environmental features aimed at formulating strategies for prevention and/or intervention, with a focus on the entire community and not just specific individuals or groups. In this context, the aim of this study was to estimate the association between area level income of neighborhoods and cognitive decline among the elderly in the city of Florianópolis, Santa Catarina State, Brazil.
Methods

Study area and population
The research involved a cross-sectional study nested in a cohort of elderly residents in Florianópolis, the capital city of the state of Santa Catarina (EpiFloripa elderly study), located in southern Brazil. The data from this study were collected in 2013/2014, and the baseline study is from 2009/2010. The population of the city in 2010 was 421,000, of whom 11.4% were elderly (60 years or older), and of these, 14% were considered very elderly (80 years or older) 22 . In addition, Florianópolis is the Brazilian state capital with the highest level of quality of life according to United Nations indicators 23 .
Data source and sampling design
The sample consisted of elderly men and women, aged 60 or older, who were non-institutionalized and residents of the urban area of Florianópolis at the time of the baseline study.
The cohort study sample at baseline was 1,705 elderly people, and details of the sampling procedures have been described elsewhere 24, 25 . For the second wave of the cohort, 217 people who had died were excluded, resulting in 1,488 eligible participants. Refusals were considered when the elderly person refused to participate in the study, and losses included all interviews for which the elderly person could not be located via telephone or after four home visits (including in the evenings and at the weekend).
Data collection was performed using netbooks to apply a standardized questionnaire that had been pre-tested in a pilot study. Face-to-face interviews were conducted at home between November 2013 and November 2014. Quality control of the data was performed with a random sample of approximately 10% of the elderly people. The selected respondents were contacted by telephone and answered a short questionnaire consisting of ten questions. The kappa calculation indicated moderate to very good agreement, with values ranging from 0.51 to 0.94.
Study variables
The outcome variable was cognitive decline, assessed using the Mini Mental State Examination (MMSE) 26 . The MMSE is a neuropsychological cognitive assessment test that takes into account different cognitive domains such as temporal and spatial orientation, short-term memory, calculation, comprehension and writing. The score can range from 0 to 30 points, and in this study the cutoff points proposed by Almeida 27 were used, that probable cognitive decline is indicated by a score of below 19 points for those who are illiterate, and below 24 points for those with some education. For data analysis, the elderly were classified into two categories according to the presence or absence of cognitive decline.
The independent contextual variable was the average monthly income of the head of each household in each of the 83 census tracts included in this study, according to the Brazilian Census of 2010 28 , categorized into quintiles. Individual explanatory variables were sex, age (60-69 years, 70-79 years and 80 or over), self-reported skin color (white, light-skinned black, and dark; yellow (n = 6) and indigenous (n = 4) were excluded due to the small sample size), average equalized household income (divided into tertiles), and years of schooling (0-4 years, 5-8 years, 9-11 years, 12 or more years). Finally, the length of residence in the neighborhood (1-4 years, 5-9 years, 10 years or more) was also included as an explanatory variable.
Data analysis
First, descriptive analyses of the sample distribution were conducted and the prevalence and respective confidence intervals (95%CI) related to cognitive decline were calculated for each individual and contextual variable. After that, the nonparametric Kruskal-Wallis test was used to assess the mean difference in MMSE score according to contextual variables. A multilevel logistic regression was performed to estimate the odds ratio (OR) and 95%CI between the outcome and the independent variable, considering the individual variables as the first level of analysis and the contextual variable as the second level.
The empty model (without covariates) was tested to estimate the total variance proportion of the outcome attributed to differences between census tracts. The other variables were then included by a forward selection method according to three models: model 1 (only contextual income); model 2 (individual variables including sex, age and skin color) and model 3 (included individual income and education variables, and the length of residence in the neighborhood).
All analyses were performed using Stata, version 13.0 (StataCorp LP, College Station, USA). P-values < 0.05 were considered statistically significant.
Ethical aspects
The For the elderly people who were unable to sign the informed consent form, a legal guardian was asked to do so.
Results
The final sample of those who were effectively interviewed consisted of 1,197 elderly people, representing a response rate of 80.4%. Of these, 1,184 answered the MMSE and were included in the present analytic sample. The average age was 73.9 years (standard deviation 7.2 years), with a higher proportion of women (65%) and people who reported white skin color (86.7%). The average monthly income of the heads of the households in the census tracts was BRL 2,215.68 (interquartile range BRL 1,967.08), ranging from BRL 753.83 to BRL 10,311.25.
Cognitive decline was observed in 26.1% of the elderly people, and was more common among women (28.9%), blacks (35.4%), people aged 80 years or over (44.8%), those with less than five years of schooling (45.9%) and those in the lowest tertile of average equalized income (42.4%). In addition, the prevalence of cognitive decline was higher among lower-income census tracts, being three times higher in the poorest quintile than in the richest ( Table 1 ). The median MMSE score according to the quintiles of household income in the census tracts ranged from 24 (lowest quintile) to 28 (highest quintile), pvalue < 0.01 (Figure 1 ). Table 2 shows the results of multilevel logistic regression. Variance was observed between groups of 13% in the empty model, a value that changed to 7.8% in the model adjusted for average income for the census tracts, indicating that this contextual variable explained 40% of the variance of the second level. In the crude analysis (model 1), all categories of area-level income were inversely associated with cognitive decline. After adjusting for all the individual variables (model 3) the same negative gradient associated with the outcome remained, but only the difference between the extreme quintiles was statistically significant. The odds of cognitive decline were approximately two times higher among residents of lower-income census tracts, regardless of age, gender, skin color, education, individual income or length of residence in the neighborhood.
Discussion
The main results indicated that cognitive decline is inversely related to the socioeconomic status of the neighborhood, and it is twice as likely to occur in elderly people living in the poorest areas compared to the richest, regardless of individual demographic and socioeconomic characteristics. Similar results were observed in population studies of the elderly in Asia (> 60 years) 11 , of British adults and elderly (> 50 years) 13 and of the American elderly (> 65 years) 12 , in which neighborhoods with low income and educational levels, higher unemployment and sources of public assistance were associated with cognitive decline. Similarly, institutionalized elderly people in Britain (> 65 years) living in neighborhoods with a higher deprivation index were twice as likely to experience cognitive decline compared to areas with less deprivation, regardless of individual education or social class 29 .
Only two studies with similar objectives to this one have been carried out among older adults in Latin America (both Mexican) 30, 31 . Sheffield & Peek 31 observed that socioeconomic disadvantage assessed by lower income neighborhoods was associated with a higher incidence of cognitive decline over a period of five years, whereas there was no association for social disadvantage, represented by low educational levels and lower occupational classes. The study by Al Hazzouri et al. 30 also found that lower neighborhood socioeconomic status was significantly associated with a higher prevalence of cognitive decline, even after adjusting for individual schooling. These findings demonstrate that the contextual income should be considered an important feature associated with cognitive ability, especially among the elderly people in low and middle-income countries.
The relationship between socioeconomic environment and cognitive decline may be attributed to a number of issues, including access to health services, areas for leisure and social activities, psychological and lifestyle factors 31 . In particular, the elderly are more susceptible to exposure to the environment in which they live because they usually spend more time in their communities and enjoy fewer services outside the area compared to younger people 32 .
Areas with higher deprivation may offer its residents fewer opportunities for social and cultural interaction, important factors for cognitive stimulation 33 . On the other hand, more affluent neighborhoods are more likely to provide a healthier lifestyle, as they are generally more carefully constructed environments, with spaces dedicated to leisure and physical activity that help preserve the cognitive reserves, memory and executive functions of the brain 34, 35 . In addition, these places provide better access to the internet, cinemas, bookstores, libraries, museums and theaters, which are related to the maintenance of cognitive abilities 36 .
It has been suggested that social isolation is one of the factors that explains the relationship between lower socioeconomic status and cognitive decline among the elderly, since poorer neighborhoods tend to have higher rates of violence, vandalism and crime, which can make the elderly feel insecure about leaving their homes and cause them to have relations only with friends or relatives who live closer to their community 15, 37 .The insecurity experienced by older people can have other implications, such as decreased levels of physical or leisure activity, loss of functional independence and the presence of symptoms of depression 38, 39 , which are considered to be factors associated with cognitive decline.
Despite the evidence, the lack of studies related to the influence of contextual socioeconomic status on cognitive health among the elderly in Latin America does not allow for direct comparisons between economically similar areas. Many Brazilian cities have good quality of life indicators 23 , however the country is marked by socioeconomic inequalities, and certainly the population with lower incomes are more vulnerable to the negative effects that this has on health. Thus, environmental characteristics should be considered important factors for the planning of public health interventions.
Currently, some national programs have been implemented with a focus on promoting territorial health, such as increased access to physical activity and healthy foods, violence prevention, and stimulating sustainable development 40 . However, it is necessary to make improvements and advances in inter-sectoral health actions that facilitate the construction of healthy urban spaces, reducing social inequality, offering more opportunities to people on low incomes, as well as the inclusion of special groups such as the elderly 41 .
There are some limitations to this study that should be considered when interpreting the results. The MMSE is a validated questionnaire widely used in studies of elderly Brazilians, although its cut-off point has not yet been standardized in the literature. The choice in this study of the point proposed by Almeida 27 for the classification of cognitive decline may have influenced the results, since the largest proportion of the sample was classified as having a low education level (0-4 years), and this proposes only different points among illiterate and educated elderly.
However, sensitivity analyses were carried out related to the cut-off point used in this study, comparing it with that suggested by Brucki et al. 42 , Lourenço & Veras 43 and Bertolucci et al. 44 . High values were verified for the first two (99.7% and 97.7%, respectively), and only the comparison with Bertolucci et al. 44 showed low sensitivity (33.3%), which is probably due to the greater difference of scores to detect cognitive decline in illiterate elderly people between the two points analyzed. The specificity analyses showed acceptable values when comparing with all the points analyzed; 69.8% for Brucki et al. 42 , 90.3% for Lourenço & Veras 43 and 93.1% forBertolucci et al. 44 .
Although the analyses were adjusted for the time of residence in the neighborhood, the characterization of the neighborhood was based on the territorial unit for the collection of census data, which may not reflect the actual area of social and economic residence for many respondents. This limitation has been observed in multilevel epidemiological studies, largely due to the availability of data provided by national surveys, which often do not represent the ideal area for investigating health outcomes 45 . The definition of a neighborhood, its spatial delimitation and the choice of variables that best relate to the outcome, make use of fairly challenging contextual measures for observational studies, and should therefore be considered with caution in their analysis 46 .
The use of secondary data collected for the 2010 Brazilian Census limited any further analysis with other variables of the socioeconomic context that could be related to cognitive decline. As an example, one can cite the average education level of the sector, which has been widely included in the contextual socioeconomic indices of similar studies, but which was not collected in the 2010 Census. However, it is worth noting that the use of a single variable that represents the analytical context may be an option to avoid the bias which could result from the use of composite indices, such as masking the variation between two areas which have the same final score, and the inability to demonstrate which of the variables have a greater effect on the outcome 47 .
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The cross-sectional design can also be considered a limitation because of the possible bias of reverse causality. Individuals with cognitive decline are more likely to reside in areas with higher socioeconomic deprivation, due to difficulties in sustaining their capacity to work. On the other hand, it was observed that it is during adulthood that most people become fixed residents and choose where they will live in old age 18 .
However, some relevant points are worth highlighting. This is a pioneering study in Brazil, which evaluated the contextual income and its relation to cognitive decline in the elderly. Moreover, among the variables investigated, statistically significant differences were not found between the loss group and respondents in the second wave of the study compared to the baseline, except for the age variable (p < 0.001), which showed greater loss in the group aged 80 years or over, justified by the higher number of deaths in this category.
It is clear from these results that further studies are needed to investigate the relationship as well as the long-term influence of the social and economic contexts on the health of elderly Brazilians, because the country is undergoing an accelerated aging process and this elderly population should be considered a priority in strategies focusing on health promotion and quality of life.
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